We analyse Keck spectra of 24 candidate globular clusters (GCs) associated with the spiral galaxy NGC 2683. We identify 19 bona fide GCs based on their recession velocities, of which 15 were suitable for stellar population analysis. Age and metallicity determinations reveal old ages in 14 out of 15 GCs. These old GCs exhibit age and metallicity distributions similar to that of the Milky Way GC system. One GC in NGC 2683 was found to exhibit an age of ∼3 Gyr. The age, metallicity and α-element abundance of this centrally located GC are remarkably similar to the values found for the galactic centre itself, providing further evidence for a recent star formation event in NGC 2683.
INTRODUCTION
Despite their historical importance in understanding the formation processes of our own Galaxy (Eggen, Lynden-Bell & Sandage 1962; Searle & Zinn 1978; Mackey & Gilmore 2004; , detailed studies of the stellar populations of globular cluster (GC) systems in spiral galaxies beyond the Local Group are somewhat limited. It is important that this be rectified, not only to inform formation models of spiral galaxies, but also to constrain formation models of other morphological types. For example, Ashman & Zepf (1992) proposed that the GC systems of elliptical galaxies represent the merged systems of spiral galaxies plus the addition of newly formed red (metal-rich) GCs. Bedregal et al. (2006) have argued that the GC systems of S0s are consistent with faded spirals. A better understanding of GC systems in spirals, with a range of types and luminosities, is needed to test these ideas.
Imaging studies of GC systems exist for about a dozen spirals (e.g. Kissler-Patig et al. 1999; Goudfrooij et al. 2003) . When sufficient numbers of GCs are present, they reveal a bimodal colour distribution (similar to those seen in elliptical galaxies) with the red (metal-rich) subpopulation associated with the galaxy bulge component (see . Spectroscopic studies of GCs in spirals beyond the Milky Way and M31 (Burstein et al. 1984; Beasley et al. 2004 ) are even ⋆ rproctor@astro.swin.edu.au more limited. Schroder et al. (2002) investigate the stellar population properties of 16 individual GCs in M81. Similar, or smaller, numbers have been investigated in M104 (Larsen et al. 2002) , NGC 253 and NGC 300 (Olsen et al. 2004) , and M33 (Chandar et al. 2006) . These studies generally find old ages with a wide range of metallicities for the GCs. Some GC systems reveal bulk rotation, while others do not, but small numbers and the lack of edge-on systems make such analyses uncertain.
Based on the HST Advanced Camera for Surveys (ACS) imaging study of Forde et al. (2007) , we have obtained Keck telescope spectra of GC candidates in the nearby, edge-on Sb spiral NGC 2683. A variety of distance estimates exist in the literature for NGC 2683. Here we adopt the surface brightness fluctuation distance modulus of Tonry et al. (2001) modified by the correction found by Jensen et al. (2003) . This is gives m-M = 29.28 ± 0.36 or 7.2 ± 1.3 Mpc which lies near the midpoint of the literature estimates. With a luminosity of MV = -20.31 mag it has a lower luminosity (by a factor of 2) than the Milky Way or M31. We note that, although possessing a Hubble type and bulge size similar to the Milky Way and M31, NGC 2683 exhibits a disc size and HI gas mass that are significantly smaller. Rhode et al. (2007) show that the extent of the GC system of NGC 2683 is also rather small, with the projected density of the system falling to background levels within ∼8 kpc. This can be compared to the Milky Way GC system in which a fraction of the GC system lies outside ∼30 kpc. Some properties of NGC 2683 are compared to those of the Milky Way and M31 in Table 1 . In Section 2 we present our observations and data reduction methods. The measurement and analysis of recession velocities and Lick indices are given in Section 3. The results of our chemical and kinematic analysis of the sample is outlined in Section 4. Our conclusions are presented in in Section 5.
OBSERVATIONS AND DATA REDUCTIONS
Spectra of 24 GC candidates around NGC 2683 were obtained with the Low Resolution Imaging Spectrometer (LRIS; Oke et al. 1995) on the Keck I telescope. Candidate selection, based on ACS imaging data, is detailed in Forde et al. (2007) . Briefly, our spectroscopic sample was selected from amongst the brightest of GC candidates. The candidates were chosen to represent both red and blue subpopulations. While not a full statistical sample, the candidates are therefore representative of the GC system as a whole. It should also be noted that, with GCs only partially resolved in the HST imaging, it is to be expected that the sample will include some foreground stars.
Spectral observations were obtained in 2005 February 07-08 with an integration time of 16 × 1800s = 8 hours. Seeing was ∼ 1 arcsec on both nights. A 600 lines-per-mm grating blazed at 4000Å was used on the blue side, resulting in a wavelength range of 3300 -5900Å and a FWHM spectral resolution of ∼ 3.3Å. The spectra were not flux calibrated.
Data reduction was carried out using standard IRAF 1 commands. The tracing of spectra and backgroundsubtraction was done using the command apall. Comparison lamp spectra were used for wavelength calibration (mostly based on 8 Hg lines). Zero-point corrections of up to 1.5Å were performed on the science spectra using the bright [OI] skyline at 5577Å. The 16 individual spectra of each GC candidate were then average-combined with 3-σ clipping. A sample of the GC spectra are shown in Fig. 1 . The backgrounds subtracted from the spectra of the GC candidates -admixtures of background galaxy light and sky -were retained for analysis of the galaxy rotation curve. These were 1 IRAF is distributed by the National Optical Astronomy Observatories, which are operated by the Association of Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation average combined and then sky-subtracted. The removal of the sky was achieved by identifying the GC candidate with the lowest background level; gc01 -a candidate lying at large radial and azimuthal distances from the galaxy centre (see Fig. 2 ; right). The candidate was also found to have signalto-noise <1Å −1 , and therefore probably contained no object. The background of this candidate, which lies in the halo of the galaxy, is therefore the least contaminated by either galaxy or globular cluster light. Indeed, cross-correlation of the spectrum of the background of this candidate with the solar spectrum gave a recession velocity less than 1 km s −1 , indicating very little contamination from NGC 2683. By scaling this spectrum by the total flux in the bright OI skyline at 5577Å, estimates of the sky levels in the backgrounds of other candidates could be made and subtracted. The residuals from this process are therefore estimates of the spectra of the background galaxy. These were used to measure a rotation curve for the galaxy, but were not subject to stellar population analysis.
We also measured the gas kinematics in NGC 2683 using the bright [OIII]λ5007Å emission-lines evident in most of the galaxy spectra. We have therefore been able to measure GC, stellar and gaseous recession velocities from the majority of slitlets in the mask.
During the reductions, three GC candidates (gc02, gc15 and gc24) were identified by their spectra to be stars. Four others (gc01, gc13, gc20 and gc23) were found to have signalto-noise ratios below 10Å −1 . A visual inspection of the Forde et al. (2007) imaging identified two other candidates to be contaminated by stars in OB associations in NGC 2683 itself (see Fig. 3 ). All nine of the candidates identified above were therefore excluded from our stellar population analysis. The sample therefore contains 19 GCs suitable for recession velocity (RV) analysis and 15 GCs suitable for stellar population analysis. Details are given as Notes in Table 2 .
SPECTRAL ANALYSIS
In the following we outline the spectral analysis from which we measure recession velocities and stellar population properties. We also make use of the HST photometric measurements of Forde et al. (2007) (see Table 2 ).
Kinematics
The recession velocities of GC candidates and their galaxy backgrounds were determined by cross-correlation against Table 2 . Key values for the GC candidates. Recession velocities for GC candidates, background galaxy stars and gas are derived from our spectral analysis. Coordinates, Galactic extinction corrected photometric properties and candidate sizes are from the HST study of Forde et al. (2007) . Radial distance along the major axis (r) and vertical distance along the minor axis (z) were derived from these HST data. The notes denote our classification of the candidate (see Section 3.2). Table 3 . Index offsets required to match the Lick system (Section 3.2). Errors are taken as the error on the mean (i.e. rms/ √ 6).
Index
six high signal-to-noise stellar templates using the IRAF command fxcor. The heliocentric velocities of the templates themselves were measured by cross-correlation against a high resolution solar spectrum. The average of the values of RV derived from comparison to the six template stars was taken as the measured value, while the rms scatter was taken as the error. The RVs of the galaxy's gas were also measured in the background galaxy spectra. This was achieved by the fitting of Gaussians to the bright [OIII]λ5007 emission lines evident in most galaxy spectra.
The results of this analysis are presented in Section 4. We next detail the determination of the properties of the stellar populations in our sample of GCs using Lick indices.
Measurement and analysis of Lick indices
We measured Lick indices using the definitions of Trager et al. (1998) and Worthey & Ottaviani (1997) . Indices were measured after convolving the spectra with the Gaussians required to broaden to the wavelength-dependent Lick resolution (Worthey & Ottaviani 1997) . Lick indices and their associated errors are shown in Table A1 . Calibration to the Lick system was performed using 6 Lick standard stars. The additive corrections required to match the Lick system and their errors are given in Table 3. The measured indices were then compared with SSP models. We elected to use the recent models of Lee & Worthey (2005) combined with Houdashelt (2002) sensitivities to abundances ratios. We detail the method by which the SSP models are combined with the Houdashelt sensitivities in Mendel et al. (2007) , in which we show that this combination reproduces the ages, metallicities and 'α'-abundance ratios of Galactic globular clusters extremely well. This gives us confidence in making direct comparisons of our results with the Galactic globular cluster system (Section 4). . ACS imaging showing three GC candidates (from top to bottom; gc05, gc11 and gc12). Each image (B band; left and I band; right) is 10 arcsec (∼360 pc at 7.2 Mpc) on a side. Candidates gc05 and gc12 are clearly projected against OB associations in NGC 2683 itself, and contamination appears highly likely. On the other hand, there is no evidence for an OB association affecting the young GC candidate; gc11.
The comparisons to SSP models were carried out using the χ 2 -fitting procedure of Proctor & Sansom (2002) (see also Proctor et al. 2004a,b and Proctor et al. 2005) to measure the derived parameters; log(age), [Fe/H], [Z/H] and [E/Fe] (a proxy for the 'α'-abundance ratio; see Thomas et al. 2003 for details). Briefly, the technique for deriving these parameters involves the simultaneous comparison of as many observed indices as possible to models of single stellar populations (SSPs). The best fit is found by minimising the deviations between observations and models in terms of the observational errors, i.e. χ. We have shown this approach to be relatively robust with respect to many problems which are commonly experienced in the measurement of spectral indices and their errors. These include poor or no flux calibration, poor sky subtraction and poor calibration to the Lick system. The method is similarly robust with respect to many of the uncertainties in the SSP models used in interpretation of the measured indices; e.g. the second parameter effect in horizontal branch morphologies and the uncertainties associated with the Asymptotic-Giant Branch. It was shown in Proctor et al. (2004a) and Proctor et al. (2005) that the results derived using the χ 2 technique are, indeed, significantly more reliable than those based on only a few indices.
The process by which the candidate spectra were compared to the models was iterative. First, fits were obtained for all the candidates using all the available indices. The patterns of deviations from the fits obtained was then used to identify individual indices that matched the models poorly (see Fig. 4 ). These included the Hδ, CN indices for which flux levels were generally too low for accurate determination and Mg1 and Mg2 indices which suffer from flux calibration sensitivity. These indices were excluded from the analysis and the fits performed again. These fits were carried out using a clipping procedure in which indices deviating from the model fit by more than 3σ were excluded, and the fit performed again. Many of these poorly fitting indices could be associated with known problems, e.g. the contamination of the Mgb index by the 5202Å sky-line in low signal-tonoise candidates. Indices that are excluded on this basis are in parentheses in Table A1 . On average, after all exclusions, 10 indices were used in each of the final fits.
For each GC in the sample, errors in the derived parameters (log(age), [Fe/H] , [E/Fe] and [Z/H]) were estimated using 50 Monte-Carlo realisations. Best-fit model indices were perturbed by Gaussians, the width of which were set equal to the observational errors added in quadrature to the errors in offset to the Lick system (Table 3) . Error estimates in the derived parameters are therefore highly sensitive to the estimates of index errors. The process also makes no allowance for the correlated components of the observational index errors, such as velocity dispersion, flux calibration and background subtraction errors. The errors are modelled instead as purely random Gaussian distributions. As a consequence, our error estimates must be considered to include both random and systematic errors.
RESULTS

Results of recession velocity analysis
The results of our analysis of recession velocities are given in Table 2 and are presented in Fig. 5 . The value assumed for the galactic centre (442.8 km s −1 ) was estimated such that the value of the least-squares fit to the stellar RVs with radial distance (solid line in Fig. 5 ) passes through 0.0 km s −1 at a radial distance of 0.0 arcsec. Note that candidates identified as stars and the single object with signal-to-noise <1 are omitted from these and all subsequent plots of GC data. We therefore present recession velocities for 19 GCs.
The stellar and gas emission-line data (Fig. 5) clearly show an increasing rotation speed with increasing radial distance from the galactic centre, and can be seen to be essentially cylindrical (i.e. there is little scatter and no particular trend in RV with distance above or below the least-square fit). The figure also shows the rotation of gas and stars to be in very good agreement. It is evident that we do not reach the radii at which rotation is observed to flatten. However, our results are nevertheless consistent with the rotation of Casertano & van Gorkom (1991) and Broeils & van Woerden (1994) , who find similar rotation curves with a flattening/peak lieing just beyond the range probed by our data. The apparent dip in stellar and gaseous RVs at radial distance 65 arcsec in the rotation profile of Barbon & Capaccioli (1975) is also present at similar radii in our data ( Fig. 5; lower left) , although we note that they find a significantly steeper rotation curve than Casertano & van Gorkom (1991), Broeils & van Woerden (1994) or ourselves. Our 'dip' is also significantly deeper than that observed by Casertano & van Gorkom, with both stars and gas rotating in the opposite sense to the rest of the galaxy at similar radii.
The RVs measured in the GC spectra are also shown in Fig. 5 . GC recession velocities are generally consistent with those of the stars and gas. However, we lack sufficient numbers to unambiguously identify rotation in the GC system.
Results of stellar population analysis
The results of our age and metallicity determinations are given in Table 4 and plotted in Fig. 6 . Candidates with signal-to-noise <10 are excluded from our analysis, leaving 15 GCs suitable for stellar population analysis.
In 
Consistency checking
However, before interpreting the ages and metallicity estimates, we sought to gain further confidence in our results by using them to predict the B-I colours of our GC sample (using the SSP models of Bruzual & Charlot 2003) for comparison to the observed HST colours (Forde et al. 2007 ). The comparison is shown in Fig. 7 . The predictions compare quite favourably with the observed values, particularly given the ∼0.15 mag overestimation of predicted (B-I) colour found by Pierce et al. (2005 Pierce et al. ( , 2006 in similar studies. This is believed to be primarily the effect of the poor modelling of the horizontal branch (see also Strader & Smith 2007) . Scatter should also be expected to be relatively high in our study due to the highly variable internal extinction in NGC 2683.
There is, however, one clearly aberrant GC -gc11; an apparently young GC (Table 4) . We note that the spectrum of this GC is clearly different from other GCs of the same colour in a sense consistent with the derived younger age and higher metallicity, i.e. similar Balmer line strengths and stronger metal lines (see Fig. 1 ). It is clear from Fig. 7 that this effect is not the result of extinction. However, the proximity of this GC to the galactic centre makes contamination by the background galaxy a concern. We therefore experimented with adding galaxy light back into the GC spectrum and then subjecting the resultant spectrum to our age/metallicity analysis. We found that when 50% of the galaxy light was recombined with the GC spectrum the derived age increased by 0.2 dex (i.e to 5 Gyr), while the metallicity fell by a similar amount, resulting in a similar predicted colour. This is both a relatively small change (for a relatively large amount of galaxy contamination) and is in the opposite sense to that required to explain the young age by galaxy contamination. We therefore conclude that background contamination in the spectroscopic analysis is unlikely to be the cause of the observed young age of this GC, or the discrepancy with its predicted colour. The cause of the discrepancy between observed and predicted colours therefore remains unknown.
Stellar population parameters
Having gained some confidence in our measured stellar parameters we now return our attention to the age and metallicity estimates.
Our stellar population analysis identifies a single young GC, with a derived age of 3.3 Gyr. This is similar to the luminosity-weighted age of 4.7 Gyr found for the galactic centre by Proctor & Sansom (2002) . The central [Fe/H]=-0.03±0.09 and [E/Fe]=0.20±0.04 found in Proctor & Sansom (2002) are also similar to the values found for this young GC (-0.17±0.04 and 0.16±0.03 respectively; Fig. 6 ). This suggests the possibility that this GC formed in the same event that fuelled the central star-burst.
We find the remaining 14 of 15 GCs to possess ages older than 10 Gyr (Fig. 6) . In five cases we find an age equal to the oldest age modelled by Lee & Worthey (2005) . It is apparent that the scatter in GC age estimates is smaller than the error given by our Monte-Carlo analysis (Section 3.2). We take this to be a combination of three effects; i) the error includes both random and systematic errors, ii) the scatter is slightly suppressed by the GCs hitting the oldest age, iii) a slight over-estimation of observational errors is also a possibility (see Section 3.2).
The 14 GCs found to be old span a broad range of metallicities (Fig. 6) , similar to that observed in other spiral galaxy GC systems (Burstein et al. 1984; Beasley et al. 2004; Schroder et al. 2002; Larsen et al. 2002; Olsen et al. 2004 ). They also span a similar range to the Milky Way GC system (de Angeli et al. 2005 ; Fig. 6) . Fig. 6 Pritzl, Venn & Irwin (2005) . The data suggest a slightly lower [E/Fe] in NGC 2683 than in the Milky Way, but a larger, high signal-to-noise sample is required before we can draw any firm conclusions.
Radial metallicity distribution
The final step in our analysis is to consider the radial distribution in GC metallicities. To this end, a plot of [Fe/H] with radial distance along the major axis is presented in Fig. 8 . Radial trends in GC metallicity with galactocentric radius are expected in a dissipative formation scenario. The GC systems of both M31 (Barmby et al. 2000) and Milky Way (Armandroff, Da Costa & Zinn 1992) have been found to exhibit little, or no, overall radial metallicity gradient. However, Harris (2000) shows that weak trends in metallicity with radius are present when red and blue GC subpopulations are considered separately. More recently, Lee et al. (2007) showed that trends between metallicity and orbital parameters are present in the sub-sample of the Milky Way population that excludes many blue GCs with extreme horizontal-branch morphologies. Citing the extreme horizontal-branch GCs as probable accreted (and stripped) dwarf galaxies, Lee et al. (2007) conclude that the 'normal' GCs show clear signs of dissipational collapse.
We find no evidence for trends with azimuthal distance (perpendicular to the galaxy rotation plane) in NGC 2683, although we note the extremely limited range of our data. Our data do, on the other hand, suggest a trend of decreasing GC [Fe/H] with increasing distance along the major axis of NGC 2683 with logarithmic slope of -1.7 (Fig. 8) . However, the data for both red and blue GCs of NGC 2683 are also consistent with the Harris (2000) trends for the average [Fe/H] with radius in Galactic GCs. In the Milky Way, there is no significant trend in the GC system as a whole, but individually both red and blue sub-populations show weak trends with radius of logarithmic slope -0.3, albeit with considerable scatter. We also note that our sample for NGC 2683 contains no blue GCs within ∼2 kpc, and no red GCs beyond ∼3 kpc, while the photometry of Forde et al. (2007) clearly shows that both red and blue GCs are present throughout the radius range covered by our data. Therefore, we suspect that the apparent trend is the result of the lack of observations of red GCs at large radii and blue GCs at small radii, and is consequently simply a sampling issue. A definitive description of this aspect of the GC system of NGC 2683 must, however, await a more extensive study.
CONCLUSIONS
We have analysed the recession velocities and stellar populations of a small sample of GCs in the spiral galaxy NGC 2683 and compared the results with the Galactic GC system.
Our stellar population analysis identified one GC, located near the centre of NGC 2683, with the relatively young age of 3.3±0.5 Gyr. The age, metallicity and [E/Fe] of this young GC appear remarkably similar to the values found by Proctor & Sansom (2002) for the centre of NGC 2683 itself. This result therefore suggests the possibility that this GC and the recent burst in the central regions were formed at the same time, from the same gas supply, and provide further evidence for a star-formation event in NGC 2683 about ∼3 Gyr ago.
The stellar population parameters of the 14 old globular clusters in our sample show many similarities to the old globular clusters of the Milky Way. The metallicity distribution spans a similar range to those found in studies of the Milky Way and other spiral galaxy systems, i.e from ∼-2.5 to 0.0 dex. The data for NGC 2683 GCs are also consistent with the trends in [Fe/H] with radius observed in red and blue Galactic GC subpopulations. Lee & Worthey (2005) . One GC (gc11; solid blue star) exhibits age, [Fe/H] and [E/Fe] similar to the those measured in the galactic centre by Proctor & Sansom (2002) (open black stars). Combined systematic and random errors from our Monte Carlo analysis (Section 3.2) are indicated in each plot.
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